Summary. Three experiments were conducted to examine the effects of site of insemination, sperm motility and contractions of the genital tract on the transport of spermatozoa in the ewe.
In the first experiment, the proportion of ewes from which spermatozoa were recovered from the Fallopian tubes was reduced, both in ewes receiving oxytocin (1 \ m=. \ 0or 10\m=.\0 i.u., intramuscularly) and in those in which only shallow insemination could be achieved.
The second experiment examined the effects of sperm motility (live versus dead spermatozoa), inhibition of genital tract contractions (halothane anaesthesia : \m=-\, + ) and stimulation of genital tract contractions (oxytocin injections: \m=-\, +). Sperm motility was found to be the most important factor affecting transport through the cervix. Oxytocin had little effect, but following insemination with immotile spermatozoa, inhibition of genital tract contractions reduced the number of spermatozoa recovered from both the cranial cervix and Fallopian tubes.
The effects of site of insemination (external versus internal cervical os) and sperm motility (live versus dead spermatozoa) were examined in the third experiment. Few spermatozoa were found between the mucosal folds of the cervix when immotile spermatozoa were used. Large numbers of spermatozoa were recovered from both the cervix and Fallopian tubes after insemination at the level of the internal cervical os, particularly following the use of motile spermatozoa.
The results demonstrate the importance of sperm motility, particularly in relation to the establishment of the cervical population of spermatozoa.
INTRODUCTION
The physiological mechanisms responsible for the transport of spermatozoa through the ovine cervix are poorly understood. Starke (1949) and Mattner & Braden (1963) 6 to 8 min of coitus, and such evidence supports the view that contractions of the genital tract account for the passage of spermatozoa through the lower segments. In contrast, the studies of Quinlan, Mare & Roux (1932) , Green & Winters (1935) , Lopyrin & Loginova (1939) and Dauzier & Wintenberger (1952) Table 3 exp. 2a. f Error mean square.
The effects of halothane anaesthesia and oxytocin on spontaneous contrac¬ tions of the oestrous ovine genital tract in vivo have been evaluated by Lightfoot (1970a, b) . Halothane anaesthesia resulted in complete inhibition of cervical and uterine contractions in 79 % and 43 %, respectively, of the ewes examined, but slight residual activity was evident in the remaining cases. The inhibition was not overcome by vaginal stimulation, but oxytocin (800 mU, intravenously) produced a contractile response of lesser intensity and duration than that recorded in conscious ewes.
In the present experiment, the relevant ewes were inseminated approxi¬ mately 5 min after establishing anaesthesia (surgical level) and killed while still Table 2 , the relevant analysis of variance in Table 3 and treatment main effects in Table 4 .
Cervix. Of the three factors examined, only sperm motility had a significant effect (P < 0-001) on the mean number of spermatozoa recovered from the cervix. Few spermatozoa were found after insemination with immotile, com¬ pared with motile, cells (Table 4) .
Split-plot analysis ( (Table 2) .
Significantly more spermatozoa (P < 0-05) were recovered from the cervix of ewes following natural service than following artificial insemination ( (Table 7) show that the numbers of spermatozoa recovered from the vagina 2 hr after insemination were independent of both sperm motility and site of insemination, but the numbers of spermatozoa recovered from the cervix were strongly influenced by these factors. Semen deposition at the uterine end of the cervix resulted in higher numbers than normal insemination (P < 0-001) and motile spermatozoa were more effective than immotile cells (P < 0 1). The data suggest that following insemination at the level of the external cervical os, motile spermatozoa were more effective in entering the cervix, whereas after insemination at the level of the internal cervical os, large numbers of both motile and immotile spermatozoa entered and traversed the cervix in the caudal direction. However, the motile cells were more effectively retained with¬ in the lumen of the cervix. Logarithmic means in italics.
Many more spermatozoa were found in uterine flushings following semen deposition at the internal cervical os than after normal insemination (P < 0-001). Only 5 to 7 IO6 of the 800 IO6 spermatozoa that were deposited at the utero-cervical junction remained in the uterus and of the total spermatozoa recovered from the tract, approximately 80% had passed caudally to the vagina.
Results for the Fallopian tubes were similar to those for the cervix in that both insemination at the internal cervical os (P < 0-001) and the use of motile cells (P < 0-01) resulted in significantly more spermatozoa being recovered. Spermatozoa were found in the Fallopian tubes of seven and four of the eleven ewes in each treatment following normal insemination with motile and im¬ motile spermatozoa respectively. Only one ewe (inseminated with immotile cells) failed to yield spermatozoa in the tubai flushings following semen deposi¬ tion at the internal cervical os. There were no significant interactions.
Spermatozoa in the cervical sections. Results for the numbers of spermatozoa observed in transverse sections from the caudal, mid and cranial regions of the cervix (after flushing) are presented in Table 8 . When immotile cells were used, no spermatozoa were found between the mucosal folds following insemination R. J. Lightfoot and B. J. Restall at the external os, and only very low numbers after insemination at the uterocervical junction. Consequently, an analysis of variance was performed on the data pertaining to inseminations with motile cells only. In this case, large numbers of spermatozoa were observed in the cervical sections, particularly after semen deposition at the utero-cervical junction (P<0-01). With both methods of insemination, the numbers of spermatozoa fell from the caudal to the cranial end of the cervix but the rate of decline was steeper following semen deposition at the external cervical os (site of insemination position in cervix, linear; < 0-01). Schott & Phillips (1941) , Starke (1949) , Mattner & Braden (1963) and Mattner (1963a) Green & Winters (1935) , Kelley (1937 ), Lopyrin & Loginova (1939 , Dauzier & Wintenberger (1952) , Dauzier (1958) and Edgar & Asdell (1960) Mattner & Braden (1969) . Thus, the formation and retention of the sperm reservoir in the ovine cervix is primarily dependent on the motility of the spermatozoon-a view in accord with the conclusions of Mattner (1966) .
The evidence suggesting participation of vaginal, cervical and/or uterine contractions in the transport of spermatozoa through the ovine cervix is well documented by Mattner & Braden (1963) and Mattner (1963b) (Table 5) .
The effects of administering oxytocin on the movement of spermatozoa or inert material through the female reproductive tract have been studied in several species and the subject has been discussed in reviews by Cross (1959) R. J. Lightfoot and B. J. Restall and Fitzpatrick (1966 (Jones, 1968; Jones, Martin & Lapwood, 1969; but high doses (5 to 20 i.u.) reduce both fertilization and lambing rates .
In conclusion, the present study indicates that, although contractions of the ovine genital tract supplement sperm motility in effecting transport of sperma¬ tozoa through the uterus and, to a lesser extent, the cervix, active flagellation by the sperm-tail appears essential for the establishment of the cervical population of spermatozoa and their subsequent distribution throughout the uterus and Fallopian tubes in physiological numbers.
